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This  r e p o r t  d e s c r i b e s  t h e  r e s e a r c h  a c t i v ~ t i e ~  of t h e  C B l l u l a r  
Radiobio logy  Labora to ry  d u r i n g  t h e  p e r i o d  o f  S e p t e  b e r  1966 t o  Sept 
1968. The p r i n c i p a l  p a r t  o f  t h i s  trrork was s u p p a r t e d  by ASA Grant  No, 
N G R  04-001-014. 
The r e s e a r c h  e f Q o r t s  o f  t h e  l a b o r a t o r y  have been 
e l u c i d a t i n g ,  i n  a s y s t e m a t i c  manner,, t h e  mechani 
c e l l s  r e p a i r  r a d i a t i o n  h j u r y ,  
t h e  s i t e  o f  r a d i o b i o l o g i c a l  damage i n  t h e  ce l l  (and hence t h e  site o f  
r e p a i r ) ,  we have Focused most o f  OUP a t ~ ~ ~ t i o ~  on t h e  b e h a v i o r  rrf 'chi 
macromolecule.  
a l t e r e d  d u r i n g  r e p a i r  of r a d i a t i o n  i n j u r y ?  (2) 008s energy  d ~ p r ~ v ~ t i o n  
( s t a r v a t i o n  or t r e a t m e n t  with a ~ e t ~ ~ a ~ i a  i 
r a d i a t i o n  r e soonse?  
Since d oxy r i  bcnuc leic 
I n  g e n e r a l ,  t o questions WeEe asked: (1) 1s 0 
ce; the  celPff 
I n  o r d e r  t o  answer t h e  e q u e ~ t i o n a ~  we have u d r a d ~ ~ a c t ~ v e  p r e c u r  
t o  follow t h e  s y n t h e s i s ,  and  possible breakdown, of' D ~ A ~  The a c t i v i t  
o f  enzymes r e l a t e d  t o  DNA synthea i rs  and  d e g r a d a t i o n  ( p o l y  
n u c l e a s e s )  were also i n v e s t i g a t e d ,  Because r i b o n u c l e i c  a c i d  (RNA) s y n t h e ~ i s  
r e q u i r e s  s t r u c t u r a l  i n t e g r i t y  of t h e  DNA Cplecule, we alero s t u d  
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b e h a v i o r  o f  t h i s  f r a c t i o n .  
and t r a a t m e n t  w i t h  2, 4 
Cell s u r v i v a l  k i n e t i c  
c o n d i t i o n s ,  The L-929 ce l l  liner &a e ~ p l ~ y e d  t h r o u g h  
S t a r v a t i o n  in a g ~ u c o s ~ ~ ~ r  
The resul ts  are p r e s e n t e d  heke i n  t e r  
d u r i n g  our  i n v e s t i g a t i o n s .  I n  u m r n a r ~ ~ ~ n ~ ,  we s h a l l  
e x p l a i n s  t h e  r e p a i r  p r o c e s s  i n  termh o f  a n  enzy e t h a t  r e j o i n s  singles- 
b r e a k s  i n  t h e  DNA mo lecu le s .  
RESULTS 
A .  Is DNA s y n t h e s i s  a f f e c t e d  by r a d i a t i o n ?  
For t h e s e  e x p e r i m e n t s ,  we used b o t h  p u l s e  l a b e l i n g  and  c o n ~ ~ ~ u o u s  
l a b e l i n g  t e c h n i q u e s  t o  f o l l o w  D N A ,  R N A ,  and AIP s y n t h e s i s ,  S i n c e  ~ h ~ ~ ~ h ~ ~ e ~  
P3* l a b e l s  a l l  t h e s e  f r a c t i o n s ,  i t  was t h e  moet f ~ e q u e n t ~ y  B 
c u r s o r .  
i r r a d i a t i o n  was i n v e s t i g a t e d  under  t h r e e  c o n d i t f o n s i  
2 )  s t a r v a t i o n ,  and  3) DNP t r e a t m e n t .  
The u p t a k e  of P32 i n t o  t h e  above cel lular  Prac 
1) normal g ~ ~ t h ,  
3 2  Cells i r r a d i a t e d  i n  growth medium showed no d i f f e r e n c e  i n  t h e i r  P 
l a b e l i n g  of DNA, R N A ,  and  ATP from what was s e e n  I n  u n ~ ~ r ~ d i ~ t e d  cel ls .  
The o b s e r v a t i o n  ex tended  up t o  f o u r  hou s p o s t  i r r a d i a t i o n ;  and  t h e  
X-ray d o s e s  ranged from 100 r a d  t o  1000 rads. 
I n  c o n t r a s t  t o  c e l l s  i r r a d i a t e d  i n  growth media,  s t a r v e d  o r  
DNP-treated cel ls  showed d i s c r e t e  p e r i o d s  o f  acc l s r a t e d  P32 l a b e l i n g  
of DNA and RNA f o l l o w i n g  r e l a t i v e l y  low doses .  The r e s p o n s e  had t h r e e  
d i s t i n c t  f e a t u r e s :  
2) t h e  P52 seemed t o  e n t e r  and then r a p i d l y  t o  1 a v e  b o t h  n u c l e i c  a c i d s ;  
3) t h e  l a b e l i n g  of  DNA c l o s e l y  p a r a l l e l e d  t h e  l a b e l i n g  QP R N A .  
1) a p o s t - i r r a d i a l  on d e l a y  appea red  n e c e s s a r y ;  
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T h i s  e f f e c t  was most obvious a t  t h e  .!owest dose  used  (lao A t  
h i g h e r  d o s e s  (250 and 500 rads) ,  several cycles of' uptake a n d  loss o 
l a b e l  c o u l d  be seen.  The r e@ponse ,  however, a p p e a r e d  t o  beco  
a t  these h i g h e r  d o s e s ,  ATP u t i l i z a t i o n  88 &d t o  i n c r e a s e  d u r i n g  the 
a c c e l e r a t e d  l a b e l i n g  o f  the nucleic a c i d s .  
a c c e l e r a t e d  l a b e l i n g  when t r i t i a t e d  adenosine arid deoxyadsno 
as l a b e l e d  p r e c u r s o r s .  Thymidine and  d e ~ x ~ C ~ ~ ~ d ~ ~ a ~  ko ever, ~ ~ ~ v ~ d  t o  be 
poor l a b e l i n g  a g e n t s  i n  e ~ ~ r g y - d e ~ ~ i v ~ ~  cel l  
8. Is DNA deg raded  by r a d i a t i o n ?  
The ce l l s  siea ~ h o w e d  a n  
I n  o r d e r  t o  answer this q u e s t i o n ,  we- p ~ e ~ a b ~ ~ ~ ~  t h  
t hymid ine ,  a p r e c u r s o r  p e c i f l c  f o r  0 
the r a d i o a c t i v e  msdium was rcrplaced w i t h  ~ ~ ~ ~ ~ ~ d ~ o a ~ t ~ v ~  
times a f t e r  i r r a d i a t i o n ,  t h e  co ld  acid-so 
t h e  medium were examined f o r  t r i t i a t e d  t h  
a c t i v i t y  i n  t h e s e  fractions would i n d i c a t e  
place e 
For t h e s e  studies, t h  
growth, s t a r v a t i o n ,  a ant, A ~ t ~ ~ u ~ h  t h e  X-ray d 
from 100 r a d s  t o  l000 rads, lue fouhd no e v i d e n c  
a f t e r  e i g h t  hours po on. 
C. Are DNA polymerase and nucleesehii % f ' f @ C t 8 d  by r a d i a t i o n ?  
The t e s t e  for t h  
labeled p r e c u r s o r  i n  
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i n c o r p o r a t e d  i n t o  DNA s e r v e d  a 
S E I S ,  the amount of' t r i t  
DNA i n d i c a t e d  t h e  a o t i v  
Again t h e  ce l l s  we t u d i e d  u n d e r  
s t a r v a t i o n ,  and  DNP tr a tmen t .  Under non 
d o s e s  o f  100  r a d s  t o  1000 rads a l t e r  poly erase n u c l  
compared t o  t h e  u n i r r a d i a t e d  c o n t r o l .  
D. What are the s u r v i v a l  p r o p e r t i e s  o cells  u n d e r  c o n ~ ~ t ~ o n s  f na
growth  and  ene rgy  d e p r i v a t i o n ?  
The s i n g l e  c e l l  s u r v i v a l  t e c h n i q u e  was used  t o  d e t @ r ~ i n e  r e p a i r  of' 
r a d i a t i o n  i n j u r y .  The s u r v i v a l  s t u d i e s  showed t h a t  cel la  treated 
had a s i g n i f i c a n t l y  h i g h e r  s u r v i v a l  t h a n  cellar i n  gro t h  medium, ?his 
i n c r e a s e d  r a d i o r e s i s t a n c e  i n  DNP a p p e a r e d  ?or b o t h  s ~ n g l ~  a n d  p a f r e d -  
i r r a d i a t i o n s ,  S t a r v e d  ce l l s  had  a s l i g h t l y  h i g h e r  s u r v i v a l  t h a n  csEls in 
growth  medium, b u t  t h e  s i g n i f i c a n c e  o? t h e  increase r ema ins  d o u b t f u l .  The 
d o s e s  fo r  t h e  s u r v i v a l  s t u d i e s  r anged  from 100 rads t o  800 rad 
p a i r e d - i r r a d i a t i o n  exper ment, t h e  ce l l s  u s u a l l y  r e c e i v e d  t o 400-rad doses, 
CONCLUSION 
The r e s u l t s  of o u r  s t u d i e s  i n d i c a t e  t h e  f o l l o w i n g :  
(1 )  
l a b e l i n g  o f  bo th  DNA and  RNA a t  r e l a t i v e l y  law dose e T h i s  respon~e  doe8 
32 Under c o n d i t i o n s  of ene rgy  d e p r i v a t l o n ,  L ce l l s  show a n  accelerated P 
n o t  a p p e a r  f o r  ce l l a  i r r a d i a t e d  unde r  normal  growth  c o n d i t i o n s .  
(2)  T h e r e  is no e v i d e n c e  f o r  a r a d i a t i o n - i n d u c e d  DNA b ~ e a k d ~ w n  u de r  any  
of t h e  c o n d i t i o n s  we used.  T h i s  c o n c l u s i o n  8 based  on t h e  r e s u l t a  f ~ o ~  t h e  
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p r e l a b e l i n g  expe r imen t s  and on t h e  meas 
( 3 )  Cnarqy d a p r i v e t f o n  r(11 
of ~~~~t~~~~~~ C O P 1  
medium c o n t r o l s  a t  
32 
l a b e l i n g  o f  t h e  n u c l e i c  a c i d s  and t h e  i n c r e a s e d  c e l l u l a r  s u r v i v a l ,  b o t h  
of which r e s u l t  Prom ene rgy  d e p r i v a t i o n ,  
r e c o n c i l e d ?  
enzymes which j o i n  s i n g l e - s t r a n d  breaks i n  t h e  DNA mo1ecuQe. 
have been te rmed DNA l igase ,  DNA sealase, and  p o ~ y n u c l e o t ~ d e ~ ~ o i n i n g  enzyme. 
They a p p e a r  t o  ac t  on a l l  s i n g l e - s t r a n d  b r e a k s  r e g a r d l e s s  o f  hour t h  
a re  produced. 
o f  i o n i z i n g  r a d i a t i o n ,  any  enzyme which rejoins t h e  e n d s  of a ~ i ~ ~ ~ ~ ~ 8 ~ ~ ~ ~  
break would be o f  prime i m p o r t a n c e ’ i n  r ecove ry  from r a d i a t i o n  i n j u r y .  
The t w o  p o s i t i v e  r e s u l t s  of’ t h e 6 0  s t u d i e s  are t h e  accelerated P 
How c a n  t h e m  two phenomena be  
A p o s s i b l e  e x p l a n a t i o n  comes Prom t h e  r e c e n t  d e s c r i p L i o n  of 
These enzymes 
S i n c e  breakage  o f  t h e  p h o s p h o d i e s t s r  backbone is a known a c t i o n  
The a c c e p t e d  mechanism f o r  t h e  DNA r e g a i n i n g  enzyme i n v o l v e s  t h e  
a d d i t i o n  o f  a d e n y l a t e  t o  one t e r m i n u s  o f  t h e  broken  s t r a n d ,  
a c t i v a t e s  t h e  DNA s t r a n d  Por r % j o ~ ~ ~ ~ Q *  which r e s u l t s  in the relea 
a d e n y l a t e  moiety, 
would enter and t h e n  l e a v e  t h e  DNA f r a c t i o n ;  t h i  is  p r e ~ ~ ~ e l y  what we- 
observed  d u r i n g  t h e  a c c e l e r a t e d  l a b e l i n g .  Thus, we can  e x p l a i n  o u r  
aCCel8ra ted  l a b e l i n g  of DNA and  c o n s e q u e n t l y ,  t h e  i n c r e a s e d  repa 
energy  d e p r i v a t i o n ,  i n  terms of an enzyme urhich r e j o i n s  s ing1 - s t r a n d  breaks 
i n  t h e  DNA molecule .  
T h i s  c ~ ~ ~ ~ ~ i ~ ~  
If t h e  a d e n y l a t e  should b l a b e l e d  wf th  P3*$ the label 
U n f o r t u n a t e l y ,  t h e  r 8801-1 for a n  acce l i n g  remains  
u n c l e a r .  P o s s i b l y  future t u d f e s  w i l l  r a 1  it8 role, i f  any ,  i n  t h  
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repala o f  r ad ia t ion  injury,  The above mod however, does e x p l a i n  
why we observed no DNA degradation or net a synthes i s .  
red a c c o r d i n g  t o  t h e  rejo ining  enzyme mechani 
a s  to  why we see t h e  a c c e l e r a t e d  label ing  in -energ  
i n  growing cells,  Probabl d labs l ing  do 
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